The ATLAS and CMS experiments have recently announced the discovery of a Higgs-like resonance with mass close to 125 GeV. Overall, the data is consistent with a Standard Model (SM)-like Higgs boson. Such a particle may arise in the minimal supersymmetric extension of the SM with average stop masses of the order of the TeV scale and a sizable stop mixing parameter. In this article we discuss properties of the SM-like Higgs production and decay rates induced by the possible presence of light staus and light stops. Light staus can affect the decay rate of the Higgs into di-photons and, in the case of sizable left-right mixing, induce an enhancement in this production channel up to ∼ 50% of the Standard Model rate. Light stops may induce sizable modifications of the Higgs gluon fusion production rate and correlated modifications to the Higgs diphoton decay. Departures from SM values of the bottom-quark and tau-lepton couplings to the Higgs can be obtained due to Higgs mixing effects triggered by light third generation scalar superpartners.
I. INTRODUCTION
The ATLAS and CMS experiments have recently announced the discovery of a new bosonic resonance with mass close to 125 GeV [1, 2] . The production and decay rates of this new particle are roughly consistent with those of the Standard Model (SM) Higgs.
Therefore, it is natural to assume that it is indeed a Higgs boson, with similar but not necessarily identical properties as the SM Higgs boson. Hence, its properties should be precisely studied. In particular, deviations of its production and decay rates from the SM values may provide the first evidence of new physics at the weak scale.
Although, current data shows no statistically significant deviation of the signal from the SM predictions, a small enhancement of the diphoton production rate has been observed at ATLAS. This enhancement is present both in the zero and one extra jet channels (dominated by gluon fusion Higgs production), as well as in the dijet channel (dominated by weak boson fusion production). The deviation of the Higgs diphoton rate with respect to the SM expectation is somewhat larger than 2-σ at ATLAS [1] [2] [3] . On the contrary, the CMS analysis of the full data set does not show a similar enhancement in the diphoton rate. Though the early 7 and 8 TeV data hinted towards a small excess of events above the SM prediction, the newest analysis suggests that the Higgs diphoton rate is somewhat suppressed but within 1-σ of the SM expectation at CMS [14] The apparent deviation of the diphoton production rate from the SM predictions has led many authors to investigate the possibility of having an enhancement of the rate of the Higgs decaying to diphotons through charged particle loops [4] [5] [6] [7] [8] [9] [10] , through the mixing of the Higgs with other scalar states [11] , or both [4, 12] . Currently, the rate of the Higgsinduced ZZ and W W production channels analyzed at both experiments do not present any clear deviation from the SM ones. Results are within about 1-σ of the SM expectation, albeit with somewhat large errors [13] . A measurement of the τ + τ − decay rate of the Higgs produced in vector boson fusion has been reported at both ATLAS and CMS, and seems to also be consistent with the SM values within 1-σ [15] . Additionally, a search for the associated production of the Higgs with weak gauge bosons, with the Higgs decaying into bb, has been performed at both the Tevatron [16] and the LHC experiments [17, 18] . Again, the rates are consistent with those expected in the SM 1 .
In previous works we have discussed the possible modification of the diphoton rate via one-loop corrections induced by the presence of light, highly mixed stau, as well as by a suppression of the Higgs to bb decay rate induced at the one-loop level [4, 5] . However, the possible modifications to the gluon fusion production rate, and to the ratio of Γ(h → bb)/Γ(h → τ + τ − ) have not been discussed in detail in this framework.
Modification of the gluon fusion production cross section may be achieved through light stop loops. It is important to note that in the presence of light staus, very light stops (∼ 100 − 200 GeV) may avoid current experimental bounds. This is because the stop decays may get altered, compared to the standard ones considered in current light stop LHC searches. In the presence of light staus and light stops, there may be relevant enhancements or suppressions of the total diphoton production rate, as well as large differences between the Higgs-induced diphoton rates in gluon fusion and vector boson fusion channels.
The ratio of the (h → bb) to (h → τ + τ − ) Higgs decay widths is important since a departure of its value from the SM one would be clear evidence for new physics (NP).
Moreover, it would also be a clear deviation of the MSSM Higgs sector from type-II two
Higgs doublet models (2HDMs). It is the aim of this paper to provide a detailed analysis of these possibilities.
Overall, assuming no strong violation of custodial symmetry, the relevant Higgs production and decay rates into SM particles can be parametrized in terms of six effective couplings to: {V V , γγ, gg, tt, τ + τ − , bb}, where all these couplings may deviate from their SM values. In addition, possible Higgs decays into invisible particles may appear, introducing an additional degree of freedom: the Higgs total width (see Ref. [19] for a recent fit of the current Higgs data). As stressed above, in this article we shall consider the possible variations of the above couplings in the presence of light staus and light stops within the Minimal
Supersymmetric Standard Model (MSSM).
One may also consider the impact of light staus on heavy Higgs searches and the prospects of detecting light staus at the LHC through their associated production with sneutrinos. This can be analyzed by looking at (pp →τ + 1ν τ ), with (2τ + + MET) final state, where one tau decays leptonically and one hadronically. This is the same final state as for the search for a Higgs boson decaying into two taus and produced in association with a W boson [20] .
We will show that indeed this Higgs search may be used to put bounds on the associated production, (pp →τ + 1ν τ ), once the LHC accumulates more statistics. The article is organized as follows. Sec. II presents a short review of the possible effects induced by the presence of light staus on Higgs properties. In Sec. III we discuss the possible modification of the gluon fusion rate via the existence of relatively light stops. This is followed by a brief discussion of the Tevatron and LHC stop mass bounds in the presence of light staus. Sec. IV presents a detailed discussion of possible modifications of the Higgs couplings to bottom quarks and tau leptons. These effects may only be obtained for values of the CP-even Higgs mixing angle which deviate from the ones obtained in the decoupling limit. This implies moderate values of the heavy Higgs masses, leading to possible strong bounds from LHC heavy Higgs searches. The LHC bound on m A in the presence of light staus are therefore discussed. In Sec. V, we present the prospects of detecting a light stau at the LHC in associated production with sneutrinos. We reserve Sec. VI for our conclusions.
II. LIGHT STAUS AND HIGGS DECAYS
One of the simplest possibilities to modify the Higgs to diphoton rate, while leaving all the other Higgs rates SM-like, is the addition of new charged matter particles, with no color and with masses of the order of the weak scale. According to the low energy Higgs theorem [21, 22] (see also Refs. [8, 9] ), this may lead to constructive interference with the SM Higgs decay amplitude, if
where M 2 (v) is the mass matrix of the new particles introduced in the loop. Within the MSSM such contributions may come from a light charged Higgs, light charginos, or light sleptons.
The couplings of the charginos and the charged Higgs to the Higgs are dictated by weak gauge couplings. In addition, their contribution to the diphoton decay amplitude is suppressed for moderate to large values of tan β, such as those necessary to obtain a 125 GeV
Higgs mass with stops at the TeV scale. Therefore, within the MSSM, charginos lead to at most a correction of the order of ∼ 20% to the SM Higgs diphoton decay width [6, 23] , and the charged Higgs contributions are even smaller [6, 7, 24] (at the level of a few percent).
Concerning possible slepton contributions, we first note that at moderate or large values of tan β, the SM-like Higgs is associated with H u , the Higgs that couples to right-handed upquarks at tree level. The coupling of H u to sleptons is dominated by the trilinear coupling coming from the F -term contribution, proportional to (h τ µ), where h τ is the τ -Yukawa coupling and µ is the Higgsino mass parameter. Therefore, a sizable coupling may only be obtained for relatively large values of µ and large values of tan β, which is when the τ -Yukawa coupling is large. Using a normalization in which the sum of the dominant W and top contributions to the Higgs diphoton decay amplitude in the SM is approximately (-13), for masses larger than or of the order of the Higgs mass, the stau contribution to this amplitude may be approximated by
The stau contribution, Eq. (2), needs to be negative and of order one to lead to a relevant enhancement of the diphoton rate. The rate is therefore enhanced for large values of (µ tan β)
and small values of the stau masses. However, for small values of the stau masses and large values of (µ tan β), new charge breaking minima are induced and the physical vacuum may become metastable [25] [26] [27] . The constraints from vacuum stability place an upper bound on the possible value of (µ tan β) and hence on the possible loop-induced diphoton rate enhancement [27, 28] . For a given value of tan β this upper bound may be slightly relaxed after considering one-loop corrections to the τ and b mass [29] [30] [31] [32] 2 Recently, it has been shown that the bound may also be slightly relaxed by imposing a large hierarchy between the two stau soft masses, m L3 and m e3 [34] . 3 The stau mass limit drops to values lower than 90 GeV for small values of the neutralino mass or for small differences between the stau and the neutralino masses.
In addition to the loop effects induced by light staus, the diphoton rate may be modified by Higgs mixing effects [4] . For large values of tan β, the loop contributions to the off-diagonal element of the CP-even Higgs mass matrix can efficiently compete with the (1/ tan β) suppressed (but m 2 A enhanced) tree-level value [35] . Therefore, the lightest CPeven Higgs boson can have an H u component even larger than the one obtained in the decoupling limit. This in turn induces a suppression of the bottom quark decay width, and consequently an enhancement of the subdominant decay branching ratios. In the light stau scenario, this can be achieved for large positive values of the trilinear coupling, A τ 1 TeV.
These effects are in general not expected to be very large since for values of tan β 60, the null LHC results in searches for the heavy Higgs bosons imply that m A ≥ 800 GeV. In addition, the requirement of vacuum stability severely restricts the large values of µ and A τ for which these effects become relevant [27] . Therefore, in the MSSM, the effects of Higgs mixing cannot further sizably enhance the Higgs diphoton rate.
These Higgs mixing effects also lead to a suppression of the Higgs decay width into pairs of tau leptons. At tree-level, the enhancement, or suppression, of the Higgs decay width into bottom or tau pairs with respect to their SM values, is the same. However, this equality is broken due to the loop-induced couplings of the bottom quarks and tau leptons to the up-type Higgs, H u . We shall discuss these effects in detail in Section IV.
The Higgs couplings to photons, bottom quarks and tau leptons are modified in a scenario with light staus. However, one needs relatively large values of the CP-odd Higgs mass to satisfy the LHC constraints, as well as constraints from flavor physics [36, 37] . This in turn implies that the Higgs couplings to the W -gauge boson and to the top quark remain close to their SM values.
Finally, if we also impose the requirement of a dark matter particle giving rise to the experimentally observed relic density, we are led to the presence of a Bino like lightest neutralino with a mass in the 30-80 GeV range [5] . If the neutralino mass is less than m h /2, the Higgs can decay into a pair of lightest neutralinos. However, for large values of tan β
and moderate values of µ, the Higgs invisible width is suppressed, and its branching ratio remains of the order of a few percent in the whole region of parameters consistent with the diphoton rate enhancement.
III. GLUON FUSION AND STOP PHENOMENOLOGY

A. Stop Effects in the Higgs Production Cross Section
In the SM, the gluon fusion amplitude is predominantly governed by top-quark loops. In the MSSM, there may be relevant contributions coming from the superpartners of the third generation quarks [38, 39] . At large values of tan β, the modifications can come from both the stop and sbottom sectors.
As happens with the staus, the most relevant coupling of the Higgs to the sbottoms is proportional to the sbottom mixing parameter, proportional to (µ tan β). The sbottom contributions are opposite in sign to the top-quark contribution to the Higgs gluon coupling and lead to a reduced gluon fusion cross section. However, due to the strong bounds on sbottom masses from the LHC for light neutralinos (lighter than the staus) [40] and to the fact that (µ tan β) is bounded from above by vacuum stability constraints, we find that sbottom loops lead to only minor modifications of the gluon production rate.
The stop contributions, instead, can be of either sign, depending on the magnitude of the stop mixing parameter, A t , relative to the stop soft masses, as we will discuss in detail Two comments are in order:
• If the stop contribution is of the same sign as the top contribution, it adds to the gluon fusion amplitude; however it will then contribute to the suppression of the dominant W amplitude in γγ, and vice versa;
• Comparing the relative magnitudes of the SM and stop contributions, we note that the stop effects on the gluon fusion amplitude are approximately a factor of 3.5 larger than their effects on the γγ amplitude, normalized to their SM values. We present our numerical results using four example scenarios listed in Tab. I, which were analyzed using CPsuperH [57] . Since the staus give a negative contribution, proportional to (µ tan β/m e 3 ) 4 , to the lightest CP-even Higgs mass (see, for instance, Ref. [5] ) 5 , the stop mass parameters necessary to obtain consistency with the observed Higgs mass will depend on the stau mass parameters.
In particular, for a given value of m Q 3 , increasing the value of (µ tan β/m e 3 ) implies that the two solutions for a consistent Higgs mass are obtained for increasingly larger and smaller values of (A t /m Q 3 ), respectively. This leads to interesting effects in the Higgs gluon fusion production rate.
In scenario (a) (dark blue shaded region in Figs. 1 and 2 ), m A = 2 TeV and hence we are effectively in the decoupling regime, in which the Higgs mixing effects are very small.
As can be seen from Fig. 2 , large variations of the gluon fusion production rate may be obtained for stop masses below 200 GeV, with the largest variations corresponding to the larger solution for A t (blue border). This can be understood by looking at the corresponding ratios of (A t /m Q 3 ) shown in Fig. 1 (ii). The ratio furthest away from 1 leads to the strongest effects. This is in complete agreement with our previous discussion of the stop effects on gluon fusion depending on the ratio of (A t /m Q 3 ). The correlated variations of the branching ratio of the Higgs diphoton decay are also relevant in this stop mass regime. Note that in this case the values of (A t /m Q 3 ) are such that gluon fusion is always suppressed leading to at most a 30% enhancement in the Higgs-induced diphoton production rate in gluon fusion processes.
In the second scenario, listed as (b) in Tab In all three of the cases above (a, b and c), µ is always chosen such that the vacuum remains stable, which constrains the largest possible enhancement to the Higgs diphoton production rate to be about 50%. Further, if we demand perturbativity up to the GUT scale, Higgs mixing effects on the Higgs decay to diphotons are small. This is because, for positive values of (µA τ ), |µ tan β| is forced to be small to stabilize the vacuum 6 . However, if we assume that the vacuum may be stabilized by some unknown mechanism for larger values of µ and A τ , we can obtain a larger diphoton enhancement for smaller values of tan β consistent with perturbativity bounds. Such a scenario, which is presented for completeness, is analyzed in case (d) (vertically hatched region in Figs. 1 and 2 ). We chose a larger value of m Q 3 compared to the other scenarios, in order to compensate for the larger negative stau contribution to the lightest CP-even Higgs mass. Even then, the required values of the Higgs mass may not be obtained for stop masses lighter than about 110 GeV. For this set of parameters the gluon fusion production rate is always smaller than in the SM, with at most a 35% suppression of this quantity. However, since now A τ > m A together with a larger µ compared to the other cases, we have a sizable contribution to the γγ rate from
Higgs mixing effects as well as from light stau loops. Therefore, as expected one sees a very large enhancement in the diphoton branching ratio leading to a sizable increase in the Higgs-induced diphoton rate in gluon fusion production, ranging from 30 to 70%.
Note that, for the scenarios discussed above, due to the small variation of the Higgs coupling to vector gauge bosons, the Higgs vector boson fusion production rate will be approximately the same as in the SM. Therefore, the ratio of the Higgs-induced diphoton production rate to the SM one in this channel will be given by the corresponding ratio of the Higgs diphoton decay branching ratio. Figs. 2 (ii) and (iii) show striking differences between the diphoton branching ratio and the diphoton production rate via gluon fusion, normalized to their SM values. Therefore, all of these scenarios highlight that if in the future a discrepancy is measured between the diphoton rate from gluon fusion vs. vector boson fusion, it could be evidence for the existence of a very light stop.
B. Light Stop Phenomenology
The presence of light stops, with masses below 250 GeV, is highly restricted by present experimental data. However, the region of masses around the threshold of decay of stops into a top and a neutralino is difficult to explore experimentally and is still allowed (see, however,
Ref. [58] [59] [60] [61] ). For neutralino masses around mχ0 < 80 GeV in our scenario (see however Ref. [63] ). We will not consider this case in our paper, since such small stop masses are generically ruled out by LEP. The gaugino masses will always be set to M 1 = 40 GeV, M 2 = 300 GeV and M 3 = 1200 GeV. GeV, the decay mode (t →τ ν τ b) is competing with (t →χ GeV that are comparable to those coming from the Tevatron (χ 0 1 c) search.
2. Next, we consider the mass range 120 GeV mt 1 160 GeV. In this interval the decay
There is no specific stop experimental search in this decay mode. In Ref. [69] it has been shown that, if the stau and the LSP are nearly degenerate in mass, the τ lepton from the stau decay would be soft and difficult to identify. In this case, important bounds may come from (b-jets+MET) searches.
In our scenario, the splitting between the LSP and the stau is sizable. Hence these bounds should not be applied. However, the final state, (τ b + MET), is the same as for the top decay mode (t → bW → bτ ν τ ). Moreover, due to the fact that in this region of parameter space the stop mass is close to the top mass, the kinematics would be similar as well. Therefore, the measurement of the tt production cross section can set limits on this channel.
• We first analyze the case in which both stops decay into (τ + 1 bν τ ), each leading to a (τ b + MET) final state. The measurement of the SM tt production cross section in the (τ + jets) mode [70] [71] [72] [73] [74] (pp → tt with t → W b and one W decaying leptonically and the other hadronically), does not give important constraints on our scenario since these analyses typically require too many (4-5) final state hard jets. Additionally, there are measurements in the + (at least) two jets mode [75] [76] [77] . These searches, would affect our scenario if both τ 's decay leptonically.
However, we have checked that so far these searches do not give an important limit on our scenario, since the stop signal rate in this channel is very small. On the other hand, there are dedicated searches where the W s from the tt decay produce one tagged hadronic tau and one additional lepton [78, 79] . These searches give us much stronger limits. We performed a simple parton level recast of the latter ATLAS and CMS tt cross section measurements. In the (120-160) GeV mass range, the number of events we obtain is of the order of the 1-σ error on the expected background.
Therefore, since the measurement is in good agreement with the SM prediction, if BR(t 1 →τ + 1 ν τ b) = 100%, the current experimental limit would already be probing a light stop in almost the entire mass range (120-160) GeV at the 1 or 2-σ level. However, from Fig. 3 , we see that BR(t 1 →τ + 1 ν τ b) is typically less than ∼ 70%. Therefore, the tt cross section measurement in the (τ + ) channel is still not probing the stop mass range (120 − 160) GeV 8 .
• Let us now consider the case in which one stop decays to (τ We checked that the tt production cross section measurements in the (τ + ) mode [78, 79] and the (τ + jets) mode [71] give similar constraints in this region of stop masses. Comparing this case to when both stops decay to (τ + 1 bν τ ), we note that this decay mode has a slightly larger signal to background ratio. Therefore, light stops with masses at around 135 GeV will be first tested by tt production cross section measurements in the (τ + ) and (τ + jets) modes. Recent phenomenological analyses suggest [63, 68] 
IV. BOTTOM AND TAU HIGGS DECAYS A. Higgs Mixing Effects and the Bottom and Tau Higgs Branching Ratios
In the supersymmetric limit, the bottom quark and the tau lepton couple only to the down-type Higgs, H d , with couplings h b,τ , respectively. After supersymmetry breaking, both fermions also couple to the up-type Higgs, H u , via loop-induced couplings, ∆h b,τ . Hence, the couplings of these fermions to the lightest CP-even Higgs are given by [35] g hbb,hτ τ = −h b,τ sin α + ∆h b,τ cos α,
where α is the CP-even Higgs mixing angle and (-sin α) and cos α are the projections on h from the real neutral components of H d and H u , respectively. The b and τ masses are given
by [29] [30] [31] [32] 
Hence,
Close to the decoupling limit, which is when the CP-odd Higgs mass is very large, and at large values of tan β, sin α is close to (− cos β) and cos α sin β 1. The ratio (sin α/ cos β)
is then (tan α tan β), to a very good approximation, and the couplings can be written as:
Note that when (sin α → − cos β), the above expression reproduces the SM values. We can also see that the suppression or enhancement of the couplings with respect to the SM will depend on whether | sin α/ cos β| is greater than or less than 1. On the other hand, independent of the value of | sin α/ cos β|, we see that larger deviations from the SM values of µ and the gauging masses. Therefore, in this case we expect that g hbb will be closer to the SM value than g hτ τ for the same set of parameters.
As regards to the ratio of the couplings, since ∆ b = ∆ τ , this is no longer given by (m b /m τ ), as at tree level, but rather by
If we assume that the loop effects are small, and that the couplings admit an expansion on ∆ b and ∆ τ , the ratio of the couplings, normalized to their SM values, can be approximated
We see that the ratio with respect to the SM will also be governed by the value of | sin α/ cos β|. However, comparing Eqs. (9) and (11), we see that when (
and | sin α/ cos β| < (>)1, the couplings themselves are suppressed (enhanced) compared to the SM, but the ratio of the couplings, is in fact enhanced (suppressed). we note that larger suppression in bb does not lead to a larger enhancement in W W . This is due to the fact that even though the largest partial width is Γ bb , the variation in the partial widths of the Higgs decay into taus and gluons play a relevant role in determining Squarks and sleptons are kept at the scale M SUSY and therefore do not contribute to the heavy Higgs decay width. We need to convert the presented experimental limits to the light stau scenario, taking into account the effects outlined above.
First note that even if the only relevant decays of the heavy Higgs bosons were into bb and τ + τ − , the searches for heavy Higgses decaying into τ + τ − could have a significant dependence on ∆ b,τ . The reason for this is that the production cross section of A and H at hadron colliders is induced by the couplings of the heavy Higgs bosons to b, and is therefore proportional to
On the other hand, the branching ratio of the decay into τ + τ − is proportional to
where the 3 comes from the number of bottom-quark colors and
In terms of the loop corrections, this can be written as:
The heavy Higgs production cross section times the branching ratio of the Higgs decay into a pair of τ 's then becomes proportional to
Therefore for ∆ τ = 0, ∆ b appears as a subdominant correction. However, for the specific parameter regions we are looking at, it can still give corrections of about 15-20%. Further, ∆ τ negative increases h τ and hence the τ + τ − decay partial width. This can be seen by the fact that a negative ∆ τ reduces the denominator in Eq. (15), and hence both ∆ b,τ start having a larger impact on the τ production cross section.
If one now includes decays into light staus, the heavy Higgs production rate will not change, but, the branching ratio of the decay into τ 's will be reduced. Ignoring phase space factors, the heavy Higgs decay width into staus is proportional to
instead of to (h 2 τ m A ) as happens for the decay into taus. Once we include all ∆ b,τ corrections as well as the decay into staus, the heavy Higgs branching ratio into taus is approximately given by (14) and (17), we see that this increase is partially compensated for by the stau decays, quantified by the last term in Eq. (17) . Let us stress that Eq. (17) is only valid when the stau, chargino and neutralino masses are much smaller than m A and should be modified by the appropriate phase space factors if this is not the case.
As before, the production cross section is proportional to the product of the branching ratio times the bottom Yukawa squared, giving
The τ τ production rate again increases due to negative ∆ τ and decreases due to positive ∆ b . However in addition, there is also a decrease in the rate due to the decays into the light with increasing A τ and fixed mτ 2 , which implies a decrease of the branching ratio of the heavy Higgs decay into τ leptons. On the other hand, for a fixed value of A τ , the value of µ increases with mτ 2 , which leads to an increase in ∆ b and a more negative ∆ τ . Since the width of the decay into bottom quarks is the dominant one, the total width decreases. However, note that negative ∆ τ leads to an increase of the width of the decay into τ leptons, and
hence to an increase of the branching ratio of the decay of the heavy, non-standard Higgs bosons into these particles. On the other hand, the production cross section of non-standard
Higgs bosons is inversely proportional to (1 + ∆ b ) 2 and hence there is a compensating effect on the total rate of these Higgs bosons decaying into τ τ , Eq. (18). scenario [55] used by ATLAS and CMS [85] . We use the same set of parameters as for Fig. 5 . For a fixed value of A τ , as a result of the compensation of effects discussed above, only a small variation of the rate of τ τ production is observed in the region of parameter space under analysis. On the other hand, for a given value of mτ 2 and increasing values of A τ , the τ τ production rate decreases due to an increase of the width of the decay into stau. Therefore, only for large values of A τ can we expect to significantly alleviate the experimental constraints on m A coming from the decay to taus. However, note that large values of A τ > 1 TeV lead to problems with vacuum stability in this region of parameter space [27] .
V. LIGHT STAUS AND HIGGS SEARCHES
Light staus remain the distinctive signal of the MSSM scenario considered in this paper.
In Ref. [5] , we studied the possibility of searching for them in the channel (pp →ν ττ1 → W ττ + 2χ 0 ) at the LHC using a straight cut and count method. We specifically analyzed the final state signature consisting of one lepton, 2 hadronic taus and missing energy. We showed that this is a challenging search channel for both the 8 TeV and the 14 TeV runs, due to low statistics.
Here we will briefly mention another possibility of probing our framework at the LHC.
We note that the final state mentioned above is the same as the one arising in the Higgs search channel (pp → W h) followed by (h → ττ ). Therefore, it is interesting to see whether any present Higgs searches in this channel already have sensitivity to this new signal.
Such searches typically require one hadronic tau and one leptonic tau. A common vari- Parton level events are generated by Madgraph5 [65] and taus are decayed using Tauola [86] .
We note that the distribution peaks at larger values than both the distribution obtained from a Higgs with mass of about 125 GeV and the background distribution. Imposing an additional cut, m vis > 80 GeV, would make the signal and background of the same order of magnitude. However, with the present amount of data (5 fb −1 at the 7 TeV LHC and 12 fb −1 at the 8 TeV LHC) the signal amounts to only ∼ 3 events. Therefore, similar to the case we analyzed before in Ref. [5] , one would need large statistics to claim the observation of light staus in these searches.
VI. CONCLUSIONS
The LHC has recently discovered a bosonic resonance, with a mass close to 125 GeV and with properties similar to the SM Higgs particle. In this article we Somewhat larger values may be obtained if one of these conditions is relaxed.
Beyond light staus, light stops may also appear in the spectrum. We showed that stops lighter than about 200 GeV, while being consistent with a 125 GeV Higgs mass, can change the Higgs gluon fusion production rate as well as the Higgs diphoton branching ratio in a relevant way. There is a correlation between the NP effects in the Higgs diphoton branching ratio and the ones in the gluon fusion production rate: an enhancement in the diphoton branching ratio corresponds to a suppression in the Higgs production cross section and vice versa. The product of these effects tends to be governed by the behavior of the gluon fusion cross section. For instance, additional enhancements of about 30 % of the Higgs diphoton branching ratio may be obtained for sufficiently light stops, beyond the value obtained in the presence of only light staus. However, in the same region of parameter space where these large enhancements take place, the gluon fusion production rate is strongly suppressed, leading to an overall suppression of the diphoton production rate in gluon fusion processes.
As a result, this diphoton production rate may be enhanced by at most an additional 10 % in the presence of light stops, but could also be suppressed by even larger amounts. Moreover, we showed that a discrepancy between the diphoton production rates from Higgs produced in gluon fusion and Higgs produced in weak boson fusion processes, normalized to their SM values, may be a clear indication of light stops in the spectrum.
Light stop masses are highly constrained by both the Tevatron and the LHC experiments.
Dedicated stop searches show that if the lightest neutralino is lighter than ∼ 100 GeV, the only stop masses below ∼ 250 GeV not in conflict with experiments are those close to the threshold for stop decays into a top and a neutralino. However, we showed that in the presence of light staus a new decay channel opens up, (t →τ + 1 bν), allowing stops to evade current experimental bounds in the range 120-140 GeV.
Further, light staus may induce relevant CP-even Higgs mixing effects. These can lead to a modification of the (h → τ + τ − ) decay branching ratio by relevant amounts while inducing only a small modification of the dominant (h → bb) decay branching ratio. However, the stau mass parameters leading to these effects are very strongly constrained by the requirement of vacuum stability and perturbativity up to the GUT scale. Imposing these two conditions, variations of only a few percent due to NP effects can be obtained for the ratio of BR(h → bb)
to BR(h → ττ ). However, we also show that larger modification can be achieved if we relax the vacuum stability or perturbativity constraints. We present such a case as an example Finally, we point out an interesting possibility to test light staus at the LHC. We stress that the final state arising from the associated production of Higgs bosons with W bosons, with the Higgs decaying into τ leptons, is the same as in the associated production of staus with sneutrinos. We therefore consider using existing Higgs searches to put constraints on the production of light staus. We conclude that the stau-induced production rates are currently too small to put relevant constraints in this scenario. However, these type of searches could be useful to probe our scenario in the future.
In summary, we have shown that, beyond the enhancement of the lightest CP-even Higgs diphoton decay rate, the Higgs and supersymmetric particle phenomenology associated with light stops and staus in the spectrum is quite rich and may be explored at the LHC in the coming years.
